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IT IS five years since t h e first h u m a n beings landed on a n o t h e r planet 
and then re turned t o ea r th . It is 
almost two years since t h e last 
Apollo mission re tu rned to earth 
from the m o o n . The exc i t emen t of 
Apollo 11 which reached a large pro­
portion of the popu la t ion of planet 
earth is now a quiet , majest ic fact in 
history. The exci tement a n d interest 
in scientific aspects of all t h e Apol lo 
missions is active and has g rown into 
an evolving s tudy of our sister planet . 
Apollo probably represen ts the 
largest technical enterprise so far un­
dertaken by our society. As such, it 
is difficult to fully c o m p r e h e n d or to 
discuss Apollo wi th e i ther brevi ty or 
clarity. Our perspective is somet imes 
blurred by the rapidi ty w i t h which 
both technological changes a n d scien­
tific advances have occur red . O n this 
fifth anniversary of Apo l lo 1 1 , it is 
fitting to review what has passed, 
along with some personal observa­
tions. 
The beginning of t h e 'Space Age' 
took place wi th t he d rama t i c launch­
ing of Sputnik by the Soviet Union 
on October 4, 1957. T h e implica­
tions of this feat were manifes t b o t h 
in the military arena and in t h e civil­
ian sector. The immed ia t e effect of 
the launching of Spu tn ik was to 
cause intense self criticism within the 
United States and to goad t h e na t ion 
into some serious space-related activ­
ities. This pe rmi t t ed s o m e of the 
ta lented s t a f f a s s o c i a t e d with 
Wernher von Braun, t h e n work ing for 
fte U.S. A r m y at Huntsvi l le , Ala­
bama, to rapidly move ahead on the 
l a u n c h i n g of a sa te l l i t e -Explore r 
1 - o n January 3 1 , 1958. This 8.2 kg 
satellite contained James A. Van 
Allen's ins t rumenta t ion which first 
detected the ear th ' s t r apped radia­
t ion belt . 
The national in t rospect ion caused 
by Sputnik led t o studies by differ­
ent legislative bodies , and after in ten­
sive hearings of t he Senate Prepared­
ness and Investigation Subcommi t t ee 
unde r t he chairmanship of L y n d o n 
B. Johnson , it was evident tha t a 
main considerat ion was t o establish a 
civilian space agency. This led t o t h e 
Nat ional Aeronaut ics and Space Act 
of 1958 which established NASA. 
This agency was charged wi th t h e 
responsibili ty of 'exercising cont ro l 
over aeronautical and space activities 
sponsored by the Uni ted States ' ex­
cepting ' those activities peculiar t o o r 
primari ly associated wi th the devel­
o p m e n t of weapons systems, [and] 
military operat ions, ' including mili­
tary research. In part icular NASA 
was charged to ' (1) plan, direct, and 
conduct aeronautical and space activ­
ities; (2) arrange for par t ic ipat ion b y 
the scientific communi ty in. p lanning 
scientific measurements and observa­
t ions to be made th rough use of aero­
nautical and space vehicles, and con­
duct or arrange for the conduct of 
such measurements and observat ions; 
and (3) provide for the widest prac­
ticable and appropr ia te disseminat ion 
of information concerning its activ­
ities and the results therof. ' In addi­
t ion, the adminis t rat ion was per­
mi t ted t o 'engage in a program of 
internat ional coopera t ion . ' 
The newly formed agency began 
to formulate and initiate a variety of 
p r o g r a m s for t he explora t ion of 
space. Probing of the lunar environ­
m e n t began with u n m a n n e d missions. 
In October 1959 the Soviet Luna 3 
spacecraft gave us our first fuzzy 
view of the back side of the m o o n 
and showed it t o be different f rom 
the familiar earth-facing side which 
has been scrutinized since Galileo. 
The cause of this lunar asymetry , so 
clearly shown by t h e later Lunar 
Orbiter flights, has given us a scien­
tific p rob l em tha t has n o t ye t been 
adequate ly answered. T h e Ranger 
and Surveyor missions were then 
inaugurated by the U n i t e d States to 
do scientific analyses by a series of 
well- instrumented hard and soft land­
ings. In t h e mean t ime , t he Soviet 
Union , t h r o u g h vigorous exploi ta t ion 
of a large payload capabil i ty, p u t 
Yuri A . Gagarin into space on Apri l 
12, 1 9 6 1 , t o achieve a single ear th 
orbit on Vos tok 1. This was followed 
by a suborbi ta l flight b y Mercury 
as t ronaut Alan B. Shepard , Jr. , on 
May 5, 1 9 6 1 . 
Pres ident J . F . Kennedy addressed 
the Congress on May 2 5 , 1961 , in a 
special message t i t led 'Urgent Na­
t ional Needs ' and s tated, 
. . . I believe that this nation 
should commit itself to achieving the 
goal, before this decade is out, of 
landing a man on the moon and re­
turning him safely to the earth. No 
single space project in this period will 
be more impressive to mankind, or 
more important for the long-range 
exploration of space; and none will 
be so difficult or expensive to accom­
plish. . . . But in a very real sense, it 
will not be one man going to the 
moon; if we make this judgment af­
firmatively, it will be an entire 
nation. For all of us must work to 
put him there. 
He identif ied four major nat ional 
goals for space. These were (1) land­
ing a m a n on the m o o n and re turn ing 
him safely to ear th before this dec­
ade is ou t , (2) accelerating develop­
men t of t h e Rover nuclear rocket , 
(3) accelerating the use of space 
satellites for worldwide communica­
t ions, and (4) developing rapidly a 
s a t e l l i t e s y s t e m f o r worldwide 
weather observations. 
T h e first of these objectives was 
Apol lo , and a ' race ' t o the moon was 
on, p ioneered by u n m a n n e d space-
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craft. Ranger and Surveyor became 
Apollo suppor t and Lunar Orbi ter 
paved the way for a m a n n e d landing. 
Chemical analyses of the lunar sur­
face were first carried o u t wi th the 
a-scattering exper iment of A n t h o n y 
L. Turkevich on Surveyors 5, 6, and 
7 b e t w e e n Sep tember 1967 and 
February 1 9 6 8 . These exper iments 
provided l imited but clear results in 
b o t h a quali tat ive and a quant i ta t ive 
sense. The b roader meanings and ac­
ceptance of these results had to await 
the very hard data from Apol lo , but 
the basic in format ion was there and 
ready for in te rpre ta t ion . 
The m a n n e d flight program was 
moving ahead wi th an outs tanding 
record of successful Gemini missions 
and with th ree consecutive successful 
u n m a n n e d S a t u r n I-B launches 
th rough 1966 . However, t h e program 
suffered a major ca tas t rophe when 
three as t ronauts died in a disastrous 
fire during a launch pad test at Ken­
nedy Space Center on Janua ry 27, 
1 9 6 7 . A f t e r an exhaust ive and 
thorough investigation, NASA insti­
tu t ed extensive changes in manage­
m e n t , ope ra t ing procedures , and 
equ ipment to ensure t h a t such a 
catas t rophe would no t be repeated . 
The increase in costs t h a t resulted 
f r o m t h e s e a n t i c i p a t e d changes 
caused major fiscal cons t r ic t ions on 
o ther space activities, par t icular ly in 
t he area of u n m a n n e d p lanetary ex­
plorat ion. 
The subsequent per iod was one of 
ex t reme diligence, care, and pressure. 
The work toward a lunar landing p ro ­
ceeded. Twen ty m o n t h s later o n 
October 11 , 1968 , the first m a n n e d 
mission in the lunar landing program 
made a successful flight. Apol lo 7 
flew and 11-day mission of 163 ea r th 
orbits . A few m o n t h s later, wi th a 
carefully calculated risk, Apol lo 8 
was launched to t h e m o o n . On De­
cember 24 , 1968, t he spacecraft or­
bi ted the m o o n , and F r a n k Borman , 
James A. Lovell, Jr . , and Willam A. 
Anders became the first m e n t o see 
t he m o o n ' s far side and t o view ea r th 
rise from the near vicinity of a n o t h e r 
planet . T h e procedures of maneuver­
ing and docking were tes ted and 
exercised in ear th orbit wi th Apol lo 
9, and finally, wi th Apol lo 10, m e n 
re turned to lunar orbi t and exercised 
t he descent procedures util izing t h e 
LM. They approached t o wi thin 9 
miles of t he lunar surface and t h e n 
re turned . This gave t h e final measure 
of confidence t o p roceed to t he first 
manned landing. 
On July 16, 1969 , Apol lo 11 was 
launched and on Ju ly 20 , while 
Michael Collins remained in orb i t , 
t he message came: 'Hous ton , Tran­
quillity Base here , the Eagle has 
l a n d e d . ' Neil A. Arms t rong and 
Edwin E. Aldrin, Jr . , became the first 
men t o land o n ano the r planet. This 
signal came from a distance of 1.3 
light seconds—a separat ion that is 
cosmically very small and humanly 
enormous . Apol lo 11 brushed the old 
cobwebs of my tho logy away with 
the rudeness of a n e w generation of 
Argonauts . The mytholog ic allusions 
which are present in every earth lan­
guage were made archaic and strange 
by real m e n on a real moon . A hu­
man-faced disk j u m p e d over by cows, 
popu la t ed wi th m o o n maidens of 
various races, rabbi ts , or a woodsman 
has b e c o m e incongruous with the 
reality of Apol lo and has yielded to a 
new m y t h of the infinite extend-
ability of mank ind . 
The crew of Apol lo 11 returned 
safely t o ea r th on July 24 , 1969, in 
the Co lumbia service module . The 
t ime f rom t h e scare and challenge of 
Sputn ik t o the success and dignity of 
Apollo 11 was jus t a dozen years. 
The goal established by J . F . Kennedy 
and t h e Congress was achieved before 
the decade was out . T h e subsequent 
Apollo missions ex tended the stay 
t ime o n t h e lunar surface, and the 
flexibility of act ion increased with 
the rising confidence of NASA man­
agement and the flight crews. The 
s c i e n c e con ten t of the missions 
most ly revolved abou t the ALSEP 
(Apollo Luna r Science Experiment 
Package) . 
Because Apol lo 11 and Apollo 12 
were such perfect flights, the world 
at large actually began t o believe t ha t 
manned space fright was , after all, 
not very special. Major technical 
achievements had c o m e so rapidly 
that in the new era, wh ich was only 
two missions old, success was almost 
accepted as a s t ra ightforward accom­
plishment. Apol lo 13 p roved t o be an 
exception. The m o t t o of t h e mission 
was 'Ex Luna Scient ia , ' bu t the 
bursting of an oxygen t a n k and sub­
sequent serious loss of p o w e r abor ted 
the moon-landing mission. T h e hu­
man and technical d rama tha t ensued 
was in its own right one of t he most 
remarkable feats in all of manned 
space flight. T h e lifesaving opera t ion 
between planet ear th and t h e three 
cool-headed, m o o n - b o u n d as t ronauts 
James A. Lovell, Jr . , F r e d W. Haise, 
Jr., and Thomas K. Matt ingly II 
made the best of science fiction 
stories pale by compar i son . The un­
folded LM served as a space life boa t , 
and through t h e c o m m u n a l ingenuity 
and systems expertise of t h e people 
on earth and the people ou t there , 
the spacecraft Odyssey was brought 
safely back to splash d o w n on earth. 
The overall impression is of t he 
whole earth acting as a single com­
plex organism, ex tending a tendri l 
out into distant space, and feeling it 
injured, safely wi thdrawing it. 
Cautious opt imism was regained 
on Apollo 14, which visi ted the Fra 
Mauro area—a non-mare region tha t 
con ta ined debris f rom the huge 
Imbrium impact . The remain ing mis­
sions Apollo 15 , 16, and 17 were of 
the advanced J series t y p e and pro­
vided greatly increased mobi l i ty on 
the lunar surface by use of the Lunar 
Roving Vehicle ( L R V ) . Confidence 
in the performance of b o t h crews 
and equipment greatly enhanced t h e 
science conten t of these expedi t ions . 
As distinct from the earlier missions, 
there was some flexibili ty in t he 
Extra Vehicular Activi t ies (EVA) , 
and some new science procedures 
were inaugurated which h a d no t been 
hard-wired in to ' the sys t em ' from t h e 
beginning. T h e last crew of Apol lo 
consisted of Eugene A. Cernan , Har­
rison H. Schmi t t , and Rona ld E. 
Evans, who landed in t h e Taurus-
Littrow valley and r e t u r n e d to ear th 
on December 19, 1972. In a recent 
meeting in Moscow, the re was con­
siderable surprise on t he pa r t of some 
of the Soviet delegates tha t Schmit t 
was actually a scientist. 
The t ime interval be tween Sput­
nik and terminat ion of t he Apollo 
missions was 13 years. The ' race ' to 
the moon was over. The cost was 
large but t he technical and h u m a n ac-
comphshments were larger. The to ta l 
cost t o the Uni ted States was abou t 
$17 per person per miss ion-a l l of 
which was spent here on ear th . 
We have primarily given a very 
b r i e f historical outline of flight 
events and have placed little empha­
sis on the science tha t was accom­
plished. The chief nat ional goal as 
enunciated by J . F . Kennedy was the 
manned landing, with the safety of 
the crew assured. Purely scientific 
goals were no t a pr ime moving force, 
which unfor tunate ly led to a strained 
relationship be tween the scientific 
communi ty and NASA. Scientific ob­
jectives were of necessity secondary, 
and in actuali ty they were subject to 
the severe 'man qualified' constraint . 
Purely flight hardware exper iments 
required enormous investments of 
t ime and energy by principal investi­
gators in order to interface t h e m 
with ' the system' and flight qualify; 
changes in EVA t ime lines t o obtain 
scientific data were very difficult to 
achieve. 
Recognit ion of the impor tance of 
science objectives increased as the 
missions matured , but the flexibility 
of ' the system' t o include new con­
cepts and funct ions was limited. This 
was undoub ted ly due to t he deep 
feeling by NASA management for 
the safety of the flight crews, bu t 
such a phi losophy also hindered sci­
entific inovations responding to t he 
discovery of t h e earlier missions. This 
aspect of Apol lo history must be 
placed in its p roper context to serve 
as a valuable guide in future enter­
prises. 
The exci tement and impor tance 
of scientific discovery, a l though no t 
a primary objective, was still a highly 
significant par t of the Apollo mis­
sions. The Apol lo flight packages 
included a n u m b e r of excellent or­
bital and landed experiments . The 
glittering grey-black basalts re turned 
by Apollo 11 made obvious the 
enormous value of the re turned lunar 
samples. The overall scientific re­
sults were of high quali ty. This sur­
prised and pleased m a n y scholars 
who were unaware of t h e r ich results 
inheren t in planetary explora t ion. 
New discoveries and concepts were 
bo rn and m a n y old scientific fables 
evaporated. The pre-Apollo specula­
t ions o n planetary evolut ion vanished 
in t h e light of the new data , and a 
new genera t ion of scientific specula­
t ion is n o w upon us . T h e difference 
is tha t the fairy castles are con­
strained by substantial scientific fact. 
The ra te of increase in knowledge 
over t h e per iod of t he Apol lo mis­
s i o n s was exceedingly rapid and 
caused complex changes in bo th ob­
servation and though t , so tha t ou r 
perspect ive is somet imes lacking. We 
have t aken a q u a n t u m j u m p in our 
views of planetary evolut ion because 
of Apol lo , and it is difficult to re­
m e m b e r our earlier gropings. 
Well before the Apol lo missions 
drew t o a close it was clear, in certain 
circles in the NASA adminis t ra t ion 
and in t h e scientific c o m m u n i t y , tha t 
the flight program and t h e science 
program were different. When t h e 
flight program was over, there still 
r e m a i n e d the great problems of 
ALSEP data acquisi t ion and evalua­
t ion , t h e s tudy b o t h of t he reduced 
data and of the lunar samples, t h e 
synthesis of these data , and the pres­
ervation of these treasures for future 
generat ions. 
Even though NASA is preemi-
nant ly commi t t ed t o flight programs, 
the NASA charter has a specific com­
m i t m e n t t o space science. I t was (and 
is) t hus necessary to recognize the 
impor tance of reaping the scientific 
fruits of all flight missions by sup­
por t ing a prolonged, bu t no t indef­
ini te , phase of postmission s tudy. 
The high-compression operat ion of 
science during the period of Apollo 
flights must be followed by a long-
te rm per iod in which a ma tu re prod­
uct of high scientific quali ty will be 
p roduced . New data will have to be 
ob ta ined , the old incomple te data 
fil tered, and new approaches iden­
tified. This funct ion of Apollo sci­
ence is current ly vital and active. T h e 
knowledge obta ined by t h e interna­
t ional scientific c o m m u n i t y which 
par t ic ipates in this vigorous and cos­
mopo l i t an endeavor will undoub t ­
edly p lay a key role in future plane­
tary explora t ion . 
Concomi t t an t wi th the ex tended 
postmission s tudy , it is most reason­
able tha t NASA should formally 
assume its r ightful responsibil i ty for 
maintaining the lunar samples in as 
prist ine a condi t ion as possible for 
s tudy by present and future genera­
t ions , and for providing the means to 
make these materials available to 
scholars. 
Of t he four goals identified by 
President K e n n e d y in 1 9 6 1 , th ree are 
n o w realized (only the nuclear rocket 
has fizzled). Apol lo was a resounding 
success, t he in ternat ional use of satel­
lites for worldwide communica t ion 
has developed rapidly, and the use of 
s a t e l l i t e s y s t e m s for worldwide 
wea the r observat ions is now estab­
lished. 
In addi t ion, since 1970 the re has 
been a wider explora t ion of the solar 
system using u n m a n n e d space vehi­
cles. Two lunar sample re tu rn mis­
sions by t h e Soviet Union gave valu­
a b l e s u p p l e m e n t a l data t o that 
obta ined b y Apol lo . Our first hard 
look at Mars, Jup i te r , Mercury, and 
Venus were achieved by b o t h Amer­
ican and Soviet spacecraft. T h e re­
cent Jupi te r and Mercury encounters 
represent significant scientific ad­
vances. These missions comprise a 
start toward the b roader goal of t h e 
explorat ion of the planets and space 
as t ronomy, which were identified as 
the pr imary objectives by b o t h PSAC 
( the President 's Scientific Advisory 
Commit tee) and t h e Space Science 
Board for the U.S. Space Program in 
the post-apollo per iod. The role of 
m a n in general p lanetary explora t ion 
remains undefined, and t h e ques t ion 
of whether man will maintain his toe ­
hold in space is largely unanswered . 
It is clear tha t t he major scientific 
explora t ion of the solar system out­
side the immedia te vicinity of ea r th 
mus t for the present be carried ou t 
wi th unmanned systems of orbi ters , 
landers, probes, and sample r e tu rn . 
We learned from Apol lo tha t it 
will be necessary t o emphasize the 
scientific planning as indicated in t h e 
franchise of NASA in order tha t t he 
scientific content of all space mis­
sions be opt imized. Adequa te scien­
tific management mus t become an in­
trinsic part of all stages in large-scale 
technical endeavors. This participa­
t ion should begin wi th t he definit ion 
of the mission itself and cont inue o n 
an interactive, discursive basis in to 
the mission and b e y o n d to the final 
evaluat ion. T h e scientific community 
must also be willing and able to par­
t icipate in t h e planning and engineer­
ing as well as t h e decision-making 
funct ions. This will t ake a great deal 
of t i m e o n the par t of the general 
scientific c o m m u n i t y . 
In its evolut ion, t he U.S. Space 
Program has p roduced truly signifi­
cant scientific discoveries and has 
demons t r a t ed t h e pract ical uses of 
satellites. T h e efforts which led to 
the success of the Apol lo program 
were n o t a na t ional b u r d e n but a gen­
eral s t imulan t t o t h e national spirit 
and indeed t o the spirit of all man­
kind. T h e t rue price of Apollo is 
measured n o t in dollars but in na­
t ional effort . With this effort we 
have purchased a historical eminence 
that t r anscends na t iona l boundaries. 
There is n o d o u b t t h a t Apollo stands 
on th is eminence and commands a 
fine view. 
G.J. Wasserburg 
Division of Geological and 
Planetary Sciences 
California Institute of Technology 
Pasadena 91109 
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